Abstract High-age patients have higher rates of comorbidity that are associated with a poor prognosis. It is important to correctly evaluate their preoperative status to avoid mortality. The aim of this study was to clarify whether the Charlson comorbidity index (CCI) was useful for predicting postoperative outcomes. This retrospective study collected data from 250 consecutive patients over 75 years of age. The CCI takes into account 19 comorbid conditions. Inflammation-based scores, including the Glasgow prognostic score (GPS) and the platelet to lymphocyte ratio (PLR), are other preoperative scoring systems. The relationships among these scores and postoperative outcomes were evaluated. The patients were classified according to their vital status (dead, n = 30 or alive, n = 220). Comorbidities, the presence of double cancer, and lymph node metastases were significantly different between the groups (p < 0.01, p = 0.01, and p < 0.01). In regard to the scoring systems, the CCI, GPS, and PLR were significantly different (p = 0.02, p = 0.03, and p = 0.05). Multivariate analysis identified CCI ≥ 2 (hazard ratio (HR) = 5.24, 95 % confidence interval (CI) = 1.30-12.1, p = 0.01) as a significant determinant of postoperative outcome (p < 0.01). The overall survival tended to be lower in patients with high CCI scores group (p = 0.03). The CCI was useful to predict postoperative outcomes in high-age colorectal cancer patients.
Introduction
Colorectal cancer is the third leading cause of cancer-related death in Japan. As the population ages, the number of elderly colorectal cancer patients is likely to increase. In general, high-age patients are said to have higher rates of comorbidity than younger patients [1] . In some reports, a number of past illnesses tended to be associated with increased postoperative complications and a poor prognosis [2] . It is important to correctly evaluate high-age patients' preoperative status to avoid poor outcomes. Until now, several scoring systems using preoperative information have been reported to predict postoperative outcomes. The Charlson comorbidity index (CCI) was reported to classify comorbid conditions that might alter the risk of mortality for use in longitudinal studies [3] . The index takes into account 19 comorbid conditions, including cardiovascular disease, diabetes mellitus, liver disease, and pulmonary disease.
On the other hand, there is a strong relationship between malignant disease and inflammation [4] . In colorectal cancer, inflammatory bowel diseases such as ulcerative colitis and Crohn's disease are known as premalignant disease [5] . Today, several inflammatory-based scores using preoperative data have been reported. C-reactive protein (CRP) is an acute phase protein produced in the liver that is recognized as a systemic inflammation marker [6] . Albumin has been shown to be a marker of nutrition, and hypoalbuminemia could show a declining health status or malnutrition [7] . The Glasgow prognostic score (GPS) is one of the inflammatory-based scores that can be calculated from the CRP and the serum albumin level, and it has been reported to be effective for predicting postoperative mortality [8] .
The platelet to lymphocyte ratio (PLR) is another inflammation score that consists of the platelet count and the lymphocyte count [9] . Platelets play an important role in the coagulation system and the inflammatory response, and they are known to correlate with tumor growth, invasion, and angiogenesis [10] . Lymphocytes play an important role in antitumor immunity and are important factors for the host immune system [11] . Therefore, a low lymphocyte level is considered to be associated with recurrence [12] .
Several reports have shown the effectiveness of these preoperative scoring systems, including the CCI, GPS, and PLR, for predicting postoperative outcomes in various cancers [13] [14] [15] . However, few reports have examined their use in high-age patients.
The aim of this study was to evaluate whether preoperative scoring systems, including the CCI, GPS, and PLR, are useful prognostic factors in older colorectal cancer patients.
Patients and Methods

Patients
A total of 506 colorectal cancer patients who underwent colorectal resection of primary cancer at the Department of Surgical Oncology, Nagasaki University Graduate School of Biological Sciences from January 2009 to December 2014 were evaluated. This retrospective study collected data from 250 consecutive patients over 75 years of age. The median follow-up time was 24.0 months (range, 0.2-69.2 months).
Before surgery, the appropriateness of resection was determined by abdominal CT and colonoscopy. Data for age, sex, body mass index, performance status, tumor markers including CEA and CA19-9, International Union Against Cancer tumor staging, operation time, amount of blood loss, and postoperative data including pathology, depth of tumor invasion, and hospital stay were retrospectively collected. Postoperative complications were graded according to the Clavien-Dindo classification, categorizing surgical complications from grades 1 to 5 based on the invasiveness of the treatment required. In the present study, complications were defined as conditions that required treatment (Clavien-Dindo classification grades 2-5).
Colectomy, anterior resection, and abdominoperineal resection plus lymph node resection were performed according to the guideline of the Japanese Society for Cancer of the Colon and Rectum (JSCCR). A hand-sewn or an end-to-end anastomosis using double-stapling technique was performed according to tumor location. Mortality and morbidity data were collected from the database of our department and collaborating hospitals.
Scoring Systems Evaluated
The components of the CCI are shown in Supplementary Table 1. Weights were assigned for each condition the patients had, and their total was the score.
The GPS was established in the following manner. Patients with both hypoalbuminemia (<3.5 g/dL) and an elevated CRP level (>1.0 mg/dL) were allocated a score of 2; patients with only one of the two abnormalities were allocated a score of 1; and patients with neither of the above-mentioned two abnormalities were allocated a score of 0. The PLR was defined as the absolute platelet count divided by the absolute lymphocyte count.
Statistical Analysis
Data of different groups were compared using Student's t test. Continuous data are expressed as means ± standard deviation (SD). On univariate analysis, comparisons of categorical variables were performed using the chi-square test or Fisher's exact test. p < 0.05 was considered significant. Overall survival and disease-free survival were calculated according to Kaplan-Meier methods, and the differences between groups were tested for significance using the log-rank test. Statistical analysis was performed using SPSS ver. 22 (Chicago, IL, USA). Cox proportional hazard model was used to determine significant factors affecting the mortality.
Results
Baseline Patient Demographic Data 
Relationships between Patient Outcomes and Clinicopathological Features
Of the 250 patients, 30 patients died during the observation period. The patients were subdivided into two groups (dead, n = 30 or alive, n = 220). Table 2 shows the characteristics of each group. Age, sex, body weight, body mass index, performance status, tumor location, tumor size, tumor depth, and tumor markers including CEA and CA19-9 were not significantly different between the two groups. Comorbidities, the presence of double cancer, and lymph node metastases were significantly different between the groups (p < 0.01, p = 0.01, and p < 0.01). 
Surgical Features, Outcomes, and Scoring Systems
There were no significant differences in operation time, blood loss, the performance of laparoscopic surgery, perioperative chemotherapy, and postoperative complications. The pathological features including histological type, lymphatic invasion, and vessel invasion were not significantly different between the groups. In regard to the scoring systems, GPS, PLR, and CCI were significantly different (p = 0.03, p = 0.05, and p = 0.02).
Baseline Characteristics of Colorectal Cancer Patients Stratified by GPS, PLR, and CCI
As shown in Table 3 , tumor depth, vessel invasion, and combined resection were significantly different according to the GPS score. Tumor depth, Dukes classification, lymphatic 
Predictors of Mortality by Logistic Regression Analysis
Multivariate analysis using the clinicopathological factors that were selected according to the backward elimination method identified CCI ≥ 2 (hazard ratio (Table 4) .
Kaplan-Meier Curves of DFS, OS, and CSS for CCI
The Kaplan-Meier method and log-rank tests showed that overall survival tended to be lower in patients with a high CCI score than in those with a low CCI score ( Fig. 1a ; p = 0.03). Disease-free survival was not significantly different between the groups ( Fig. 1b ; p = 0.63).
Discussion
This study verified that preoperative scoring systems could predict postoperative outcomes in high-age colorectal cancer patients and showed that CCI was the independent prognostic factor. This result supports the previous reports that showed the usefulness of the CCI score for predicting mortality in cancer of the digestive system. Dias-Santos and colleagues examined 497 pancreas cancer patients who underwent curative resection and they calculated the CCI scores. A high CCI score was a predictor of postoperative complications, longer hospital stay, and mortality within 1 year of pancreas resection [16] . In colorectal cancer, the CCI score was reported to correlate with long-term outcomes [17] . Colonic cancer patients with high CCI scores had a 28 % greater risk of death within 5 years. Rectal cancer patients with high CCI scores also had 14 times greater risk of death within 5 years. As previously described, high-age patients had several comorbidities prior to surgery. The CCI score could be useful for predicting patient prognosis in the older patient group. In the present study, however, the CCI score was not significantly correlated with postoperative complications (p = 0.72). With respect to postoperative complications, several reports showed the importance of operative factors, including operation time, severity, and amount of blood loss [18, 19] . The scoring of this study included only the preoperative factors, which is why the CCI was not significantly correlated with postoperative complications. The GPS score that is calculated from the CRP and albumin levels has been demonstrated to be of prognostic value in several solid cancers [20] . In colorectal cancer, Choi and colleagues reported that patients with a high GPS score (GPS = 2) had poorer cancer-specific survival than those with a low GPS score (GPS = 0, 1) [21] . On multivariate analysis, GPS was identified as an independent prognostic factor in colorectal cancer (GPS 2; GPS 0 or 1; HR 5.168; p = 0.003). Contrary to the previous report, in the present study, the GPS score was not correlated with patient prognosis. There were relatively younger patients (72.3 % of patients were under 70 years) in Choi's report. However, all patients in the present study were over 75 years. It has been reported that the older the individual, the higher the CRP level [22] . Cytokines such as IL-6 stimulate the production of CRP in hepatocytes [ 2 3 ] . H i g h -a g e p a t i e n t s u s u a l l y h a v e m o r e hypercytokinemia than younger patients because of comorbidities, including lung disease, heart disease, and malignancy [24] . It has been reported that serum albumin levels change with age, with a progressive reduction of the serum albumin concentration of between 0.08 and 0.17 g/L/year [25] [26] [27] . The same as the CRP level, hypercytokinemia also affects hypoalbuminemia [28] . In addition to high cytokine levels, several factors including low oral intake, loss of muscle mass, and many comorbidities, which were strongly correlated with high age, Fig. 1 Overall survival (OS) (a) and disease-free survival (DFS) (b) after colorectal resection, according to the CCI score. There are significant differences in OS (p = 0.03). DFS shows no significant difference between the two groups (p = 0.63). HR hazard ratio; CI confidence interval were related to a low level of albumin. This is because the GPS score, which consists of the CRP and albumin levels, could have some bias in high-age patients.
In fact, a high PLR level is reported to be associated with reduced OS and decreased time to recurrence [29] . However, the present result showed no significant correlation between the PLR level and mortality. The platelet count was not affected by age. However, the lymphocyte count has been reported to decrease with age because of weakness of the immune system [30] . For these reasons, inflammatory-based scores including the GPS and PLR could be less effective as prognostic markers in elderly patients than in younger patients.
There were some limitations in this study. First, the number of patients was relatively small, and the follow-up period was limited. Second, this was a retrospective, single-institution study. Third, prognosis was evaluated using only some inflammatory-based scores. There are other inflammatorybased scores such as the neutrophil to lymphocyte ratio, the derived neutrophil to lymphocyte ratio, and the lymphocyte to monocyte ratio [15] . Further large-scale studies and analyses are needed to clarify which score is most relevant for old individuals.
The CCI was useful to predict postoperative outcomes in high-age colorectal cancer patients. Inflammatory-based scores could be biased in older patients because of abnormalities in the immune, coagulation, and inflammatory systems.
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